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THE PROBLEM

. K. §

Laboratory research and practical field experience have suggested that
not all individuals are equally susceptible to the damagiung auditory ef-
fects of high intensity noise exposure., Predictive statements regarding
this differential susceptibility to noise-induced hearing loss would be of
obvious value in military and industrial settings. Identification of the
critical factors underlying the susceptibility is necessary for the devel-
opment of noise susceptibility risk profiles.
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FINDINGS
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Fifty-six naval aviators, categorized as having either incurred a
Lhearing loss (noise susceptible) or having retained normal hearing (noise
resistant) after thousands of flight hours, were compared along several
auditory and non-auditory dimensious. The following variables were
statistically significant in their differential occurrence: Scores on the
Minimal Auditory Intensity Differential test; iris pigmentation; blood
type; systolic blood pressure (sitting); calcium, albumin, and LDH blood
serum levels; and present tobacco usage. In addition, the noise-suscep-
tible subject group tended (p <.10) to exhibit elevated cholesterol and
triglyceride levels and higher contralateral acoustic reflexes, and con-
talned fewer individuals who had never smoked.
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RECOMMENDATIONS

It is recommended that those vaviables that were statistically signif-
icant in differentiating the two subject groups be routinely gathered in a
high noise exposure population whose hearing threshold levels can be moni-
tored over a period of years. It is further recommended that a loudness
discrimination measure, such as the Minimal Auditory Intensity Differential
(MAID) test, be examine’ in greater detail to ascertain its potential
usefulness in detecting imminent hearing loss.
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) INTROBUCYTION
) A recu.rent finding of research on the deleterious effects of high-
; intensity noise exposure is that not all individuals are equally suscep-
tible to noise damage (1,2,3). The degree of thic difference in suscepti-
bility is frequently such that one person having a history of noise ex- TN
: posure will suffer a clinically significant hearing loss while another ‘
y individual (with an apparently identical nois2 exposure history) will Qﬁl;
\ exhibit no hearing decrement whatsoever, Predictive statements regarding ‘Uﬁ
i individual susceptibility to noise effects would be of obvious value in 0%y
i military and industrial environments, and numerous attempts at the develop- ‘ﬂ&.
ment of a testing regimen for assessing uoise susceptibility have been made ’
over the years, C§T‘=
% Perhaps the most popular approach in the investigation of this problem %%2?
B has been based on the assumption that those ears most susceptiblce to reversible r;{“
i noise-induced hearing losses (i.e., temporary threshold shifts (T1S)) would IRR;
b also be those most likely to be sensitive to irreversible effects (i.e., T
permanent threshold shifts (PTS)). While this is an intuitively appealing il
ﬁ assumption, nearly 50 years of research have failed to develop a general ?%.?
i TTS paradigm that possesses predictive validity for a wide range of hazard- Y
E ous auditory stimuli, What the TTS research has provided, though, is :AFVQ
O further confirmation of the signficant inter-individual variability of RN
3 auditory fatigue effects and a greater appreciation of the complexity of Bi
the whole susceptibility question. R
.
In an effort to develop a more fruitful approach to the question, '”f”
investigators lhave adopted a multivariate research approach and have also &&
begun to include non-auditory indices of noise susceptibility in their ﬂ#ﬂu
parvadigms. For example, regarding non-auditory variables, research has ol
been condicted into the relationship between iris pigmentation and noise- oo
induced hearing loss (e.g., 4,5,6,7,8), differential rates of noise damage p"ﬁﬂ,
as a function of sex and race (9), cardiovascular function (e.g., 10), gghy
smoking behavior (7,8,11), and so on. Auditory correlates of noise suscep- ,@i;‘
tibility that have received attention in recent decades have included p% ?
threshold octave masking (12,13), aural overload (l4), the acoustic reflex ‘fgﬁy

(15), and loudness discriminaiion (16), to name a few. (See Humes (1l7) for
a comprehensive review.)

A hallmark of virtually all studies that have taken place in field
settings has been an investigative emphasis on those individuals who have
been proven to possess ears susceptible to noise damage. This is certainly
an understandable approach, but it may be of limited utility in arriving at
statements conceruing the stsceptibility of ears in the early stages of
exposure to hazardous noise, ikt is, the information gathered from what
has now become a pathological auditory system may bear questionable rele-
vance (particularly auditory relevance) to yet-to-be-exposed/damaged
systems. Perhaps a more useful approach would involve greater attention to
those persons who have successfully resisted the negative effects of haz-
ardous noise exposure, Their auditory and non-auditory profiles might
provide a more valid comparison with those individuals just entering the
hazardous noise environment,

The purpose of the present study was to gather information on auditory
and non-auditory variables (which have been reported to be related to
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heating loss) from two disparate populitions--a group proven to be espe-
cially noise resistant and a population s.owing a more rormative response
to years of exposure to hazardous noise. It was hoped that this emphasis
on the noise-resistant ear would provide additional information on the
question of noise susceptibility.

METHOD

AT T Wk e e e

SUBJECTS .

Naval aviators served as our primary subject pool and, as mentioned
earlier, two types of aviators were of principal interest:

Noise-Susceptible Group (Group S). This group consisted of 37 indi-
viduals who had be>n exEosed to aircraft noise and who exhibited clinically
significant hearing losses (i.e., hearing threshold levels (HTLs) greater
than 40 dB at 4000, 6000, ¢r 8000 Hz) in at least one ear.

Noise-Resistant Group (Group R). This group consisted of 19
individuals who were similarly exposed to aircraft noise but who maintained
clinically normal hearing (i.e., HTLs of 25 dB or less) in both ears at 125
Hz through 8000 Hz., (We found the incidence of this group in the aviator
population to be approximately 5 perceant.)

To be included in one of the two populations, prospective subjects must
have had a minimum of 2000 verifiable flight hours, no unusual exposures to
hazardous noise outside the aviation environment, uo clear hereditary
predisposition to audiological problems, and no medical history of heariung
pathology. 1In addition, the two groups were equated along as many addi-
tional potentially important dimensions as possible (e.g., age, types of
aircraft flown, self-reported use of hearing protection, etc.). The pre-
ceding list of relatively stringent criteria necessitated the screening of

several hundred potential subjects and resulted in population sizes that
were self-limiting.

INSTRUMENTS,

Three classes of information were gathered from the two groups of
aviators.

l. Persomal interview. This was largely self-report information
covering personal and family otological history, avocational and non-
military noise exposure, affective response to noise, subjective appraisal
of hearing and of alcchol anc tobacco usage, approximate number of flight

hours per type of alrcraft, hearing protection usage, and miscellaneous
demographic items,

2, Blomedical assessment. This class was comrosed of laboratory-
derived measures of blood cheristry (28 variables), cardiovascular condi-
tion (blood pressure, pulse rate), and pulmonary functioniny (vital capaci-
ties, volumes, and flow rates). Blood pressures were obtained in sitting
and standing positions using a Bauman sphygmomanometer, and pulmonary
values were gathered on an Airco/Ohio 842 spirometer., Estimates of iris
and skin pigmentation were also gathered by two judges at this time,
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3. Audiological/Psychoacoustical Assessment. Pure-tone, air conduc-

g tion thresholds were obtained using a Tracor RA-115A audiometer. Tympano-
! grams and ipsilateral and contralateral acoustic reflex measures were
obtained with an American Electromedics impedance audiometer (Model 83).

An index of inteunsity discrimination at 2000 Hz and 4000 Hz, the Minimal
Auditory Intensity Differential (MAID) test (18), was also obtained using a
| Tracor RA=-207 MAID audiometer. Pinna projection was measured on some

j members of each population as well,

RESULYS

Figure 1 presents the mean hearing threshold levels of the two subject
populations, and Table 1l contaias their mean ages, {light hours, and hear-
ing protector usage. These data were of primary use in the description and
equation of the populations,

TABLE 1

Mear age, flight hours, and hearing protection usage for the two
aviator populations,

e b X O NN MW R R LT T T R S LT e o e

AGE (YRS) FLIGHT HRS HEARING PROTECTION*
\ 'Yes' 'No'
E GROUP S 57.8 6833 36 64
? GROUP R 56,5 5397 37 63

*Self-report; Percent responding

Table 2 contains measures that failed to occur differentially in the
two groups (Student's t-test: p >.10).
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‘5 Figure 1

.‘
_: Audiograms of the two groups of aviators (Group
C; R = noise resistant; Group S = noise susceptible)
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4 TABLE 1L O
P .
_" Selected measures that failed to occur differentially in the two o::s"t\
i aviator populations. Qﬁgg
’ R
‘ PERSONAL (Self report) o
: EN
Alcohol usage Number of flight hours Wy
(i
L%
Personal otological history Types of aircraft flown Jf
: Family otological history Hearing protection usage 'u“
f Affective response “o noise Age Q
A » 0
. N
| BIOMEDICAL ASSESSMENT E
"’"Ii";‘“-‘.
4 Blood Chemistry ﬁ- W
N‘ |u: -I :
N Sodium, serum Blood urea nitrogen Glucose ﬁ-."
Xl EOAC
ey
! Potassium, serum Uric acid Albumin e
o
\ Py p
$ Chloride, serum Protein, total Bilirubin, toctal AL
\
% Carbon dioxide Phosphorus Globulin
X o
i Carpon monoxide CPK, total Creatinine -
Q Alkaline phosphatase  SGOT E
) '
N Cardiovascular e
)
r

Pulse rate

o e N -
N ¥

Blood pressure--systolic; standing e
1] .
ﬁ Blood pressure--diastolic; sitting and standing EQ
Pulmonary .
; Forced vital capacity ?
g Forced expiratory volume (at 1 and 3 seconds) ik.
Maximal expiratory flow rate 'f*’ﬁ

¥l o o Y 4

K g
[)
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i

Maximal mid-expiratory flow rate

Audiological/psychoacoustical

Pinna projection Tympanogram

>
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Ipsilateral acoustic treflex (2000 Hz)

o e Dt
r
¥
Al -‘-
lJA-

W
}\ .!l

I



- - S e R e I A T e A e A T S B S AT A e A A AR A B A A A S T A ¥

Table 3 is a listing of variables that approached but did not attain
traditional levels of statistical siguificance (Student's t-test: p <.10).

TABLE III

Measures that approached (p <.10) but dJd not attain traditional
levels of statistical significance.

Cholesterol
Triglycerides
"Never Smoked Tobacco'

Contralateral Acoustic Reflex (at 2000 Hz)

A number of measures did occur differentially in the .wo groups
(Student's t-test or Chi-square: p <.05)., These are graphically repre-
sented in Figures 2 through 10. In addition to the preceding analyses, the
data were submitted to a step-wise multiple regression analysis. This
analysis resulted in an R-squared of .64 when the two groups wetre treated
as dichotowmous outcome variables,

DISCUSSION

Only three of the administered auditory measures occurred differen-
tially in the two groups of aviators, and ouly one is of potential
significance in the present research effort, The finding that abunormal
MAID scores (a test of intensity discrimination and an indirect measure of
loudness recruitment) occurred in Group S at 2000 Hz, a frequeuncy at which
its members were audiometrically "normal," is of some interest, A possible
implication of this finding is that, since pure-toae hearing loss tends to
spread downward in frequency, the occurrence of abnormal MAID scores at a
frequency where pure-tone sensitivity is still within the bounds of no-mal-
ity implies that responses to the MAID test ma, presage imminent pure-tone
hearing loss. This could be of significant value in hearing conservation
monitoring procedures., To unequivocally answer the question, however,
additional research is required and, ideally, a longitudinal study of a
high noise enviroument population should be counducted.

Significant MAID score differences at 4000 Hz are not surprising. It
has been shown that individuals with pure-tone hearing losses at a partic-
ular frequency routinely produce aberrant scores on intensity discrimina-
tion measures at that frequency (18).

Finally, the trend toward statistical significance of the contra-
lateral acoustic reflex measured at 2000 Hz is also probably of minimal




AN OVINT QAT AL WA WU TS WA A U TR AR U P RO TR e WA TR TR B W ML T R I b Wk e R R T TR Ve § s TR BT L L T e b 1 mm aema b e e o s F T T T TR

MAID SCORE
N
!

1= §

| $

‘ } i
‘ GROUP § GROQUP R

Figure 2

‘ MAID scores at 4000 Hz (worse ear) (t = 6,75; p <,00L;

(3

s - - -
3 v

T
s

= 7
o e St

w
L
—+

-
¢.I

“z
'

RSN 2,

poal
[ P

MAID SCORE
N
)
I

’

-} — W
. T 1

GROUP § GROUP R T

Figure 3 o

MAID scores at 2000 Hz (worse ear) (t = 2.7; p <.01)

L. .t
AR

|
)
|
|
]
Pl
.
q
!
i,
2 o
: d
é .
:
'
B
3

-

'\ - . “‘l-." Al' -" ¢.-
e A e T T T



T a4 W W T U WY T WA WL W T S T S e S e Y T T Y et S e AR s W A R R R AR R Yo M T VAT T TN DT AT N T R RN W TN T e

X AAS MM ¥ I S Y -meu:_l,&lul_d;‘

160+
150 +

o 140+

I

£ 130 T‘

E 1204
y 110 -
! 100 | ;
'_‘ GROUP S GROUP R
.
y
. Figure 4
3‘1 Systolic blood pressure (sitting) (t = 1,67; p <.05)
)
“
¥ GROUP S GROUP R
& > ~
; Qz) 707
y w 60+
l 3
. &J 50+
. L 40+
: Y 30+
) -
! < 20+
:
. c 10-+
: R 0
! A o A o)
' NOTE: TYPES AB & B WERE<7% OF TOTAL
§ Figure 5
% Blood type (Chi-square = 7.64; p <.05; df = 3)
3
:
:; )
e
“~
& .




o e oA it e o n HAVAE MRS STTA N e ME e it S M S 0 G A e SEVR T Fa T B e LR i T S E, B A L I A, SO W O SV N S TS A S R iR S S S i Sl DN S ol St Rl S alieta o F!

70-- GROUP S GROUP R éﬁ;f
60 -
50
40
30-
20+
10 -

O L i
BLUE BROWN BLUE BROWN

1
L

T

1

¥

T

% RELATIVE FREQUENCY

Figure 6

) Eye color (Chi-square = 14.295 p <.0025; df = 3)
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g Blood calcium levels (t = 1l.7; p <.05)
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Figure 10
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LDH levels (t = 1.79; p <.05)
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significance. The actual difference in thresholds between the two groups g‘.
was less than 3 dB (95 dB vice 92 dB), certainly too small a difference to :
exert a significant effect.

The non-auditory variabies addressed in this study (and which tended -
to discriminate between the two groups) can be grossly classified into two ﬁi
types-~-those primarily of an hereditary nature and those dealing with {
general states of health. The first type, over which the subject has
minimal control, is represented by such variables as eye color and blood 0
type. Eye color as a significant correlate of the hearing threshold levels
of individuals who have been exposed to high levels of noise has been
identified by this laboratory in the past (7,8) and by other investigators -
(5,6,19), as noted earlier. The ewnact processes underlying this relation- ™
ship have not been identified, but it has been posited that welania serves
an angio-protective function and that the amount of melanin present in the

stria vascularis of the inner ear is reflected by the amount of melanin in (e
the iris of the eye (19). Whatever the mechanism of operation, eye color “‘;'
continues to show a weak, but persistent, correlation with auditory shift '
responsivities in the current study. The exact significance of the finding
that aviators with type A blood were significantly over-represented in ‘
Group S is unknown at this time, To the best of our knowledge, blood type L
has never before been included in a battery designed to asscss suscepti-
bility to hazardous noise effects. If this finding is replicated in future
research, additional investigations should be conducted to determine
whether biochemical or allied hereditary factors are of principal impor=-

T IR A e T

fr=t

tance. é
The second general classification of non-auditory measures, that !
dealing with the assessment of current health, supports earlier findings o

indicating that measures of health can be correlated with susceptibility to
auditory fatigue effects and hearing lnss (e.g., 20,21,22), Cardiovascular
fitness and its relationship to hearing threshold levels has been specifi- y
cally addressed by Rosen and his colleagues (10,22) as well as by Willson,

et al. (21) and Cunningham and Goetzinger (23), The present investigators =
also found that the sitting systolic blood pressures of Group S subjects
were significantly higher than those of Group R subjects and that the
levels of cholesterol and triglycerides showed a trend toward elevation in
Group S, whereas albumin and LDl were significantly higher in Group R.
Furthermore, members of Group R also revealed significantly higher levels
of calcium in their hlood, the first time this variable has been noted by
the present investigators. Reduced levels of calcium in the perilymph of
the cochlea have be:n shown to result in a reversible depression of the
action potential and a slighi decrease of cochlear microphonics in the

guinea pig (24), but whether this is the case in the human model is
unknown.
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Cigarette smoking also has been correlated with the incidence of
hearing loss among noise exposed persons (8,11). In the current study,
significantly more Group S subjects were currently smokers, although the
two groups did not differ in the amount of tobacco consumed or the length
of time the smoking habit had been established. Group R did have more
aviators who had never smoked, but this difference only approached statis-

tical significance. Related measures of pulmonary function, interestingly,
did not differ in the two groups.
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It should be realized that other indices of fitness such as pulse
rate, pulmonary function, etc., failed to occur differently in the two
groups. Also, the state of health of the subjects at the time of exposure
to hazardous noise was not addressed. As a result, a generalized statement
regarding measures of fitness and hearing threshold levels cannot be made
at this time.

CONCLUSIONS AND RECOMMENDATIONS

The present study attempted to address the question of individual
susceptibility to noise-induced hearing loss by examining all reportedly
relevant variables in two populations of aviators. Although no classic
profile of the noilse-susceptible or noise-resistant individual definitively
emerged, results suggested that at least one measurement device (MAID test)
may serve as au "early warning'" of imminent noise-induced damage. Further
research, however, 1is required to test this possibility.

To answer more definitively the question of noise susceptibility, it
is recommended that those variables identified in this study as being
potentially important be routinely gathered in a high noise exposure popu-
lation whose hearing threshold levels can be monitored over a period of
years.
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